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(54)ntle: PRODUCTION OF HIGH PURITY OLEFINS 


(57)Abstnu:t 

A process for converting an oxygenate feed to high purity olefins sudi as polymer-grade propylene (C3O/C3 - < 0.05) at 
a temperature of about 450 ''C (842 "F), using a molecular sieve catalyst having a high preselected Si/Al2 ratio (such as 2SM-5, 
ZSM-48) or a preselected Si/Fc2 ratio (such as FeZSM-5), or SAPO-34, 
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PRODUCTION 07 HIGH PURITY GLEFIUS 

RACKGRQUWD OF THE INVENTION 

This invention relates to a process for 

5 converting an oxygenate to high purity olefins by 
contacting the oxygenate with a molecular sieve 
catalyst. More particxilarly, the invention relates to 
a process for converting a methwol or methanol-water 
mixture to polymer-grade propylene by contacting the 

10 feed with zeolite or silicoaluminophosphate catalysts. 
High pxirity olefins such as propylene have 
traditionally been produced through the process of 
steam and/or catalytic cracking. Because of the 
limited avail2j3ility and high cost of petroleum 

15 souxx^es, the cost of producing high purity olefins 
from such petroletim sources has been steadily 
increasing. Curtailment in the availability of 
inexpensive petroleum raw materials threatens the 
supply of high purity olefins such as polymer-grade 

20 propylene. Polymer-grade propylene is used in the 
production of many types of plastics such as 
polypropylene • 

The search for alternative materials for high 
purity olefin production has led to the use of 

25 oxygenates such as alcohols, and more particularly to 
methanol and higher alcohols or their derivatives. 
These alcohols may be produced by fermentation or from 
synthesis gas. Synthesis gas can be produced from 
natural gas, petrolexim liquids, carbonaceous materials 

30 including coal, recycled plastics, municipal wastes, 
or any organic material. Thus, alcohol and alcohol 
derivatives may provide non-petroleum based feeds for 
high purity olefin production. 
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Molecular sieves, such as crystalline zeolite 
I Ira knovm to promote the conversion of 
""Ttt; to oreTn-conLining hy.rocar.on fixtures, 
oxygenates to ole disclose processes 

OS-X-4,025,575 and OS-A 4'°"' 
,or conversion of methanol 
olefin-containing products using ZSM typ 

catalysts. os-A-4,724,270, describe a process 
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,.ade propylene ^^^^^^^ 

«S-A.4.677 243 ^ catalysts 

light ole^i- -^7^ BUi ^^^^^ ^^^^^^^ 

at a temperature of from ^ ^^tion of high 

fl292*F) . Kaiser does not teacn 

methane, which have a paraffin t ^i^^^i„„ of 
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other processes requiring high-purity reactants. Low- 
level contaminants include, but are not limited to 
polar molecules, oxygenates such as water, alcohols, 
carbon monoxide, carbon dioxide, carbonyl sulfide 

5 (COS) , oxygen, and other miscellaneous contaminemts 
including hydrogen sulfide, mercaptans, ammonia, 
arsine phosphine, chlorides. Low-level contaminemts 
are removed by a variety of processes including, but 
not limited to adsorption and fractional distillation. 

10 Lighter or heavier hydrocarbon molecules having fewer 
or more carbon atoms than the desired olefin product 
must also be removed. These hydrocarbons are 
typically removed by fractional distillation 
techniques • 

15 One such high purity olefin is polymer-grade 

propylene. Polymer-grade propylene is required for 
the production of polypropylene emd useful for the 
production of other propylene derivatives. Polymer- 
grade propylene is characterized by very low 

20 concentrations of impurities, including low levels of 
paraffins (saturated hydrocarbons) such as propane, 
ethane, and butane. 

Commercial chemical-grade propylene, unlike 
polymer-grade propylene, is characterized by higher 

25 concentrations of saturated hydrocarbons. Propane is 
the most difficult of the saturated hydrocarbons to 
remove from propylene, due in large part to the 
proximity of the boiling points for propane and 
propylene- Typical polymer-grade propylene purities 

30 range from 95% to 99.5% propylene, and are more 
preferably ohove 99%. This degree of purity 
corresponds to propane-to-propylene ratios of eQ>out 
0.05 to about 0.01 or lower. Hitherto, this low 
propane level could only be practically achieved 
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through th. u.. Of th. well taovn art of 
4i.till.tlon. Th. fr.=tion.l distillation .=h«.e 
^lo,^ for .ffoting th. difficult s.p.r.tlon of 
JJ^ fro. prowl"* f -"-^ .»p.rfr.otxonatlon. 
S HowU«, «p«fraotlon.tion r.qaire. . .ubst.nti.1 

!"..t."t in f.=llltl.s «.d consu... oopiou. ..ount. 
of «..rgy. iltemativ. «Mns for r«.ovlng paraffin 
"ilpTriSL. .uch a. ..-ran. tachni^. -"^ 
taLnlqu«. ar. a. coatly a. th. .„p«:fractio«ation 
,0 Th. pr..«« in..ntion t..oh.. a «»s for 

produoln, high purity olafin. having th. r«,uxr«l 
r™. Of raffin-to-ol.fin ratio., without th. n.«l 
to r..ort to superfractionation or « 
purification t«hni,u... »ccordlng to th. t«.chin,. 
Tth. pr...nt ln,.ntion, a .up.rfraction.tor i. not 
raouirod, th.rrt,y .Ignificantly raducing th. cost of 
producing high purity ol.f in. .uoh a. poly^r-grad. 
propylene. 

- ll accordance with the present invention, there 
is provided a process for selectively catalytically 
lonvarting oxygenate starting material to high purity 
olefins which comprises contacting the oxygenate 
25 starting Baterial with a »ol.cular sieve catalyst 

having a preselected silica-to-Me,0, molar ratio, at a 
preselected weight hourly space velocity («H. 0 . and 
at a temperature of from 350'C to 550»C, and 
recovering the high purity olefins. The high pur^y 
30 olefins are preferably polymer-grade propylene. The 
process employs molecular sieves such as the 
crystalline aluminosilicate, ferrosilicate zeolites, 
and silicoaluminophosphate (SAPO) catalysts, 
preferred embodiments employ ZSM-5, ZSH-48, FeZSM-5, 
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2md SAPO-34 as the molecular sieve. It: is to be noted 
that the process of the invention is performed at 
temperatures above those usually employed with 
molecular sieves; it is this, together with selection 

S of the nature of the catalyst and the matching 

temperature and flow conditions, which enables the 
selective conversions to high pxirity olefins 
characteristic of the invention • The reaction is 
conducted at a temperature preferably within a 

10 narrower range, more preferadDly aibout 450**C (842*F) . 

Oxygenate conversion under such conditions produces a 
product, substantially rich in high piirity olefins, 
such as polymer-grade propylene. 

By employing the teachings of the present 

15 invention, a person having ordinary skill in the 

catalysis or olefin art should be eible to produce a 
high purity olefin product from oxygenates without 
needing to resort to purification techniques sv.ch as 
adsorption or super fractionation. However, such 

20 additional purification techniques may be employed to 
produce olefins having even higher degrees of purity 
than high piirity olefins. 

The invention is distinguished from the teachings 
of US-A-4,638,106 to Pieters, et al. which teaches a 

2S process of converting alcohols to olefins using ZSN-5 
having a silica-to-alumina ratio of about 400 because 
inter alia the ZSM-5 is modified by depositing 
carbonaceous materials on the catalyst (column 11, 
line 57 et seq.). This post-synthesis modification is 

30 a requirement of the Pieters, et al. invention (claim 
1) . In contrast, the instant invention does not 
require such a limitation, and the process is able to 
obtain high purity olefins without the post-synthesis 
modification described by Pieters, et al. Pieters, et 
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^rtn^-T-ast- the process or tne xnve»u* 

^"T?r,^: :irr-:;r.rrr ^^^^^ 
r:.rr « 4 ^^^^^ - 

C t.u,ht Pl.t.r., vhlch .r. optl«.x.a to 
achieve the conversion. 


10 


In accordance with the presenx. in 
o^t. f«a i. ctaxytlcauy con,.rt.* « .i,h 

« rir/i^ JlSonally, .uperfr.ction.tion ..y b. used 
Pr...« i-.ntion to 
a.9r.» of ol.fin purity. Hor. p.rtl=ul.rly, tn 
pr..»t lnv«.tion r.l.t.. to . procss tor 
c.t.lytic.lly conv.rtin, oxy9en.t.s to Wgh purity 

,0 ol.f ins .uch M polyMr-sr^l. propylw... 

" z«Ut« .r. . cl«. of .»l.cul.r .i.ve 

ctalyst. »a .r. porou., cryst.mne-hyar.ted 
^t:iIo-.ilic.t» of croup IXIA .nd «n eX.«»ts (He, 
interconnected through shered oxygen .toi». 
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Preferable metals include alvuninxm , iron, gallium, 
nickel, cobalt, amd boron. The rigid three 
dimensional network of silica and metal (hereinafter 
"HejO}") creates a tetrahedral form which comprises 

5 the primary building unit of the zeolites. The metal 
constituents in zeolites include, but are not limited 
to, aluminum, iron, gallixim, emd boron. Because the 
oxygen atoms in zeolites are shared by tetrahedra, the 
framework possesses a net negative charge. 

10 For example, the net negative charge of 

aluminosilicate zeolites is balanced by exchangeeible 
cations in the crystalline structure, leading to the 
representation : 

M^n [(AIO2), (Si02)y] • ZH2O 

15 where M is the cation, n is the cation charge, and z 
represents the water of hydration. The silica-to- 
alumina molar ratio is controlled by the amounts of 
alumina "x" and silica "y" in the zeolite. Wh^n M is 
a proton, the zeolite acquires the characteristics of 

20 a Broensted acid (e.g., HZSH-5) • 

Other positive ion-containing catalysts include 
ferrosilicates, borosilicates, and gallosilicates. Of 
the ferrosilicates, FeZSM-5 may be employed in the 
process of the present invention. Fe2SM-5 is composed 

25 of silicon and iron oxide (Fe203) in a manner similar 
to the aluminosilicate zeolites. 

Zeolites generally have ordered, porous 
crystalline structures containing a small number of 
cavities that are interconnected by a number of still 

30 smaller channels. The cavities and chcmnels are 
uniform in size within a certain type of zeolitic 
material. The dimensions of the pores or cavities 
allow for adsorption of molecules of certain 
dimensions while excluding molecules of larger 
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The crystal structure of zeolites 

from the intracrystallin. ff '^^^ , 

Sancenon, Uso called -.hepe-elective ct.ly.le. 
derive, from zeolite geometry. 

L, i:i^rt»t oompone-t ol zeolite geometry 
..riv« «rL the proportion, c. .ilicon -a 

^„»Brising the tetrahedra. The molar rario ox 

mca-r-Mer-y . 
r ! su2 as vet chemical analysis (e.g., Atomic 

Ti;nTe<^o»etry or Inductively coupled Plasma 
Absorption SP^^«^^ stoichiometry of 

Emission spectrometry,) or Dy ite The 

7, 4 .T,d Me^ used to synthesize the zeolite. Tne 
silica and MejO, use i represent, as 

^^'i^n^-^ . t.e 

.i;.i^t. porou. c.™.!. u ^t 

rcul-ting the .iUc-to.H.,0, ratio. ^ ~tio 
.ilie.-to-«.A in th. .ol«»l.r .xeve .^rt. 
.elective ctelytic and '^^^Jl^:^'Z^>^r 

"rc"ly.t. conv.„tio«.l ion e.=h»g. techni^e. 
« m.v be u..d to Chang, th. cation.. 

" TO tho.. eXiUed in the zeolite catalyet «t 
s i. generally considered a .iliceou. z«>lite. 
^'. i. reuse it may have a "high" .iUca-to-M.,<^. 
Trier. Bp.cifically, .ilica-to-al»mina 
Z^5i. ^icula-ly advantageou. for converting 
^.nol-Lntainin, feedstocK. to light cl.nn.. 
TiUroi. zeolite, (i.e., zeolite, having a high 
oiiita-to-B.^ ratio) , «ch a. thos. described for 
Z Tn the pSces... of th. present invention, .r. 
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30 
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most effectively synthesized using templates such as 
alXylammoniun cations. For example, the 
tetraunethylammonixim (TMA) cation is particularly 
advantageous in synthesizing a siliceous zeolite such 

5 as ZSM-5 having a silica-to-alumina ratio of about 

1000. It is thought that silica forms hydrogen bonds 
with -the TMA and traps or clathrates the organic 
cation within the silica. Alumina is less efficient 
in hydrogen bond formation, so the zeolites formed 

10 with orgeoiic templates such as TMA have a higher 
silica-to-alumina molar ratio. The presence of a 
trivalent metal site within the silicate structure 
provides the desired acidity in an environment which 
limits access to the site by molecules of appropriate 

15 size. This limits the acid catalyzed reactions to 
those which are carried out in a "shape selective" 
msmner. Template cations which are usually present in 
these materials when they are synthesized may be 
removed, and the zeolite converted to the hydrogen 

20 form by exchange with ammonium ions, followed by 

heating to drive off ammonia, or by direct exchange 
with an acid such as hydrochloric acid, provided the 
zeolite is not degraded by the acidic treatment. 

The silicoaluminophosphate (SAPC) molecular sieve 

25 catalysts exhibit properties characteristic of both 
alumlnosilicate zeolites and alxuninophosphates . The 
SAPO molecxilar sieves have a microporous crystal 
freuneworlc structure of PO2*, A102" and Si02 
tetrahedral units. The composition (anhydrous) is: 

30 mR:(Si^V,)C2 

wherein "R" represents at least one organic templating 
agent present in the intracrystalline pore system, "m" 
represents the moles of "R" present per mole of 
(Si,iAlyPx)02 and has a value of from zero to 0. >, the 
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„axi»u» value in each case depending upon the 

rolecula. dimensions ^ --^^^^-^rr 

void volume of the pore syswcui 
available voia vux . , ^ «„h "x " "V," and 

n.^ qi.PO species involved, and x, y# 
particular ^^^P^ ^^^^ 3iUcon, aluminum, 

«z« represent the mole fracti ^derstood, 
and phosphorous, respectively. As will 
the nature of SAPO catalysts means that any 

! ^ ^ « lica-to-MeaO, value may be used. 

Native SA^O -lecular sieves, as described in . 
'''Tn'o 871 i^lude SAIO-5. SAPO-11, SAPO-17, 
rj^::; Si^--' SAP0.34. SAP0.3S, S^-37, SAPO-40, 

'^'Z ^rt"e".;artin, material or feed comprises 
nvdrorarborcontaining aliphatic moieties such as, 
rtlmited to, alcohols, halides, mercaptans. 
but not ^arbonyl compounds 

sulfides, amines, etners, atiw ^^vo^ 

<i»^^a>.iv 1 to 4 carbon atoms. Anus 

.icohol., ether., caiteonyl <=° P 
pounds Which behev. In ' "Z^^" 
oxyg«..te. in the pr..«.c ot the 
^ „ .„l,.titut.a p«.ttin., ..9.. Wl""- 
^.n. .ulflies, Knines. Reprwientatiy. 

oxygenate, incl^ ^,,^,,1 
oi l to 10 cerhon .too. or mixture, thereof, m . 
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preferred embodiment of the present invention, the 
feed comprises methanol. In another embodiment, the 
feed, e.g., methanol, contains a diluent. The 
addition of a diluent to the total feed charge 

5 decreases paraffin production relative to olefin 
production. 

The term "oxygenate starting material" or 
"oxygenate feed" as employed in the present invention 
and described herein designates only the organic 

10 material used as the feed. However, the total charge 
to the reaction zone may contain additional compounds 
such as diluents. Use of a diluent as part of the 
feed, which is miscible with the oxygenate, imparts as 
a non-limiting example, a smaller propane to propylene 

15 (C30/C3-) ratio than the use of essentially anhydrous 

oxygenate. However, even anhydrous oxygenates contain 
trace cjuantities of diluents. Even though the process 
described herein may employ a diluent, computable 
quantities of the oxygenate feed (i.e, composition and 

20 Weight Hourly Space Velocity (WHSV) are to be computed 
as an essentially diluent-free oxygenate feed unless 
otherwise stated. 

The process is generally conducted in the 
presence of one or more diluents which may for example 

25 be present in the feed in an amount between about 1 

and about 99 molar percent, based on the total nxmber 
of moles of all feed and diluent components fed to the 
reaction zone (or catalyst) . The amount of diluent 
added to the oxygenate feed will depend in part on the 

30 type of catalyst selected, the silica-to-Me203 ratio, 
and the reaction temperature. Preferably, the molar 
ratio of oxygenate feed-to-diluent (feed: diluent) is 
aJDOUt 1:1 to about 1:4. Diluents include, but are not 
limited to, helium, argon, nitrogen, caxbon monoxide, 
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15 


hydrocarbons (such as methane and the liKe) , aromatic 
compounds, and mixtures thereof. Preferably, the 

diluent is water. 

The instant process is preferably conducted in 
5 the vapor phase such that the oxygenate feed is 
' Tntared in the vapor phase in a reaction vi^ 
the molecular sieve at effective process conditions to 
^oduce a paraffin/olefin, e.g., propane/propylene 
ratio Characteristic of high purity olefins or 
10 polymer-grade propylene, i.e., an effective ; 

Tel^IratL, silica-to-Me^ ratio, pressure, WHSV 
and, optionally, n effective amount of <»il»«"^' 
cor;elat«i to px .ce high purity olefins or polymer 
grade propylene. Alternatively, the process may be 
conducted in a liquid phase. 

The process may be effectively carried out 
over a wide range of pressures including autogeneous 
pressures. At pressures between about 0.001 
ILospheres (0.76 torr, and about 1000 ^^^^^^^^ 
(760,000 torr), the formation of light olefin products 
will be effected although the optimum amount of 
product will not necessarily form at all pressures. 
Le preferred pressure is between 0.01 atmospheres 
(7.6 torr) and 100 atmospheres (76,000 torr). The 
25 pressures referred to herein for the process are 
exclusive of the inert diluent, if any, 
present, and refer to the partial pressure °* ^he 
feedstock as it relates to oxygenate compound, and/or 
Ti^ures thereof. Pressures outside the stated range 
30 are not excluded from the scope of this invention, 
"Lough such pressures do not fall within certaxn 
defira^le embodiments of the invention. At the lower 
..d upper end of the pressure range, and 
selectivities. conversions, and/or rates to light 


20 
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olefin products may not be optimal, although light 
olefins such as ethylene may still be foxnned. 

The process is effected for a period of time 
sufficient to produce the desired light olefin (and 

5 high purity olefin) products. In general, the 

residence time employed to produce the desired product 
can vary from seconds to a number of hours. It will 
be readily appreciated that the residence time will be 
determined to a significant extent by the reaction 

10 temperature, the molecular sieve selected, the WHSV, 
the phase (liquid or vapor) , and process design 
characteristics selected. 

The olefin production process may be carried out 
in a batch, semi-continuous, or continuous fashion. 

15 The process can be conducted in a single reaction 

zone, or a number of reaction zones arranged in series 
or in parallel, or it may be conducted intermittently 
or continuously in an elongated tubular zone or a 
number of such zones. When multiple reaction zones 

20 are employed, it may be advantageous to employ one or 
more of such molecular sieves in series to provide for 
a desired product mixture. Owing to the nature of the 
process, it may be desirous to carry out the process 
of the present invention by use of the molecular sieve 

25 catalysts in a dynamic (e.g., fluidized or moving) bed 
system or any system of a variety of transport beds 
rather than in a fixed bed system. Such systems would 
readily provide for any regeneration (if required) of 
the molecular sieve catalyst after a given period of 

30 time. If regeneration is required, the molecular 
sieve catalyst can be continuously introduced as a 
moving bed to a regeneration zone where it can be 
regenerated, such as for example by removing 
carbonaceous materials or by oxidation in an oxygen- 


PCr/lB93/05056 


WO 93/24431 


- 14 - 


10 


15 


20 


25 


30 


«,terials or by oxidation in an oxygen- 
carbonaceous materials or y^ 

containing atmosphere. In the P^«"" 

.i.,„ i. W.U »n<»n « .Wn^ in th. art. 

, - flow rat. (SHSV) enhances olefin 
"Te^lln «l."r. to paraffin production. However, 
p^oauctxcnrelativ^ production relative to paraffin 
the * "'//^^/^ . ai.ini.hed conversion of 

crr^ h - - 'T. r- 

locordino to the invention, the prooes. for 
^r^an oxygenate feed to high purity olefin. 

Turn ^i^"-^- — »• -^Tfr 
- for -r::^. •\rirro.c° i::^.. . 

Uer-.ly at ^eli:::^ .--i- 

r S :i:Ll« sieve Vovad. th. taction 

.pproxi»tely 0^1 hr . to^ ^^^^^^^^ 
pr.fer.hly 0 5 hr^ to 1 , ^ ^ 

":-;a^li^t:iy to 100* conv.r.ion of the 

i;.d to ----- - TsH.:*^^: :ri;e i. 

described m us a J,/w-^f -^^«kiv 440*C to 

is preferably 400'c to 550-C. »ore Pr-'^-^^J 
460»C- and the silica-to-MezO, molar ratio is 
;:e.erariy 3S0 to .500, more preferably S50 to lOSO. 
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The WHSV of the process is preferably 0,1 hr.'^ to 
10 hr/\ and acre preferably 0,8 hr.'^ to 1.2 hr."\ 
Using ZSM-5, at 0.8 hr."^ to 1.2 hr.'\ approximately 
98% to 100% conversion of the feed to hydrocarbons has 
5 been found to occxir. 

In the process using ZSM-48, which zeolite is 
described more fully in US-A-4,397,827, the process 
temperature is also preferably 400^0 to 550^C, and 
more preferably 440°C to 460**C. The preferred silica* 

10 to*He203 molar ratio is however from 300 to 2500, more 
preferably 320 to 353. The WHSV of the process using 
ZSM-48 is preferably 0.5 hr.*^ to 10 hr.'\ and more 
preferably 0.8 hr.'^ to 1.2 hr."\ With ZSM-48, at 
0.8 hr.*' to 1.2 hr.'\ approximately 98% to 100% 

IS conversion of the feed to hydrocarbons has been found 
to occ\ir, comprising approximately 3 0% propylene and 
<1% propame in the case where the olefin is propylene. 

In the process using FeZSM-5, which zeoli^.e is 
described in U5-A*4,843,183f the preferred process 

20 temperatures are as recited for ZSM-48. However, the 
silica-to-Me203 molar ratio is preferably from 332 to 
368, more preferably about 350. The WHSV of the 
process using FeZSM-5 is preferably 0.1 hr.*^ to 
10 hr.'\ more preferably 0.8 hr.'"* to 1.2 hr."'". With 

25 ZSM-48 at 0.8 hr.'^ to 1.2 hr."\ approximately 98% to 
100% conversion of the feed to hydrocarbons has been 
fovrnd to occur, comprising approximately 25% propylene 
with no propane production, in the case where the 
olefin is propylene. 

30 In the process using SAPO-34, which catalyst is 

described in US-A-4,440,871, the process for 
conversion of an oxygenate feed to high purity olefins 
such as polymer-grade propylene may be conducted for 
example at temperatures of 350**C to 550*^0, preferably 
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„„.c tc S=o.=. .ro. COX «. 

j„ «HSV of tti. proc... » P"'« .f 

zeolites 2SM-5, ^^^3, of 35, 350, 

, «n,.«--to-aluBina molar ratios j 

c.lcin«l Mt.rlal »a. fcour.). o«.«rally, 

,000 -a. ".actor, .^iPPe* -it. ' 

1/8- (0.32 c»i J 
r..ctor was «J»-PP«» '^'^^ th. «.=t=r. 

Th. r«=tor ".t«^ l» » » , 1/,., a. 

I.O.) having on. '"f"J^ , pr*.."r zon., «d 

th. catalyst t*! is „n. 
thlri rMCtor «on. op.r.t.s 


J5 


30 
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maintained at a temperature of about 200**C (392**F) to 
about 300**C (572°F) . 

Generally, 2 grams (0.07 ounces) catalyst 
("-14/+20 mesh) were mixed with 2.5 gxrams (0.09 ounces) 
5 of quartz (-20/+60) ; the first and third reactor zone 
were filled with quartz chips (-10/+20 mesh) . To 
improve the heat transfer between the second reactor 
zone (containing the catalyst bed) and the furnace 
heating coils, the second reactor zone was equipped 

10 with a cylindrical ("4", 10.2 cm long; 1 1/4", 3.18 cm 
O.D.) aluminum or stainless steel block. This block 
contained a central hole in order to be able to 
measure the block temperature. 

Gas flows (nitrogen or hydrogen) were controlled 

15 by mass flow controllers, while liquid feed rates were 
controlled by a Beckmann 114M pump or a Sage 3 4 IB 
syringe pump. 

The product emerging from the reactor was 
analyzed on line for (i) carbon monoxide; carbon 

20 dioxide; water; dimethyl ether; methanol; C^^Cy 

hydrocarbons with a Porepack Q column using a thermal 
conductivity detector and (ii) Ci-A,o hydrocarbons 
with a DB-1 column using a flame ionization detector. 
The feed was either methanol or methzmol: water (1:1 or 

25 1:4 molar ratio as denoted in Table I) at a 

WHSV«1.0 hr«'^. The reaction was conducted at 450*'C 
(842^F} • The results are sho%m in Table I. 

The S2une procedures as recited in Example 1, 
using the same equipment, conditions and measurement 

30 techniques, were employed with several different 

catalysts. These catalysts, and the analyses of the 
products made employing the process of the invention, 
are further described in Examples 2-4 and Table 1. 
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^^^^.eolite ZSM-48. having a .ilica.to-Me.0. 
„oXarTatio o. 336 (determine. jet^e. cal 
Llysis) , was produced as described in US 

4,423,021. opj and the 

7<:m-48 was calcined ar saw v 

ion «cctan,.d .Itl. M»oni«. 

"l«ion ^<=' ^„ „ ^ .1th 

•Khe ion exchange was x-^b' 

rcl=l»*i» .t 510-c («0-F, t.t«..n «=h ion 

!f • t. action ». =ond«ct«l at 
• • ''l. rt.o«n in Ti*l. I. 

. ™s^'.o hr.-. Th. r«=tlon w« oonducted at «0 


, ,T««ri.l v.. ion «cn.n,ea .1th » «-onlu. 

„it«t. .olution (85 1 .ith 
th. Ion .JCChMig* .»« rep.ate4 t.o 
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a calcination at 510**C (950*F) between each ion 
exchange step. 

The feed was methanol: water (1:4 molar ratio) at 
a WHSV-1.0 hr.*\ The reaction was conducted at 450*'C 
(842*^?). The results are shown in Table I. 
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Table I 

PolyBer-Grade Propylene Production 


Molecxileur 
sieve 

ZSM-5 

ZSM-5 

ZSM-5 

ZSM-5 

ZSN-48 

Fe ZSM-5 

SAPO-34 


Silica-to- 
35 

1000 

350 

1000 

336 

350 

NA* 


Feed/Diluent 
(molar ratiol 


Propame/ 
propylene 


Methanol/water (1:1) 0.770** 

Methanol (NA) 0.044 

Methanol/Water (1:4) 0.037 

Methanol/Water (1:1) 0.000 

Hethanol/Kater (1:1) 0.038 

Methanol/Water (1:1) 0.039 

Methanol/Water (1:4) 0.001 


*NA signifies "not applicable." 
** signifies comparative. 

As shown in Table I, olefins are formed by contacting 
the oxygenate feed with a molecular sieve at a 
temperature of between 350*C (662*r) to 550*'C (1022**?) . 
By preselecting the silica-to-MejOs ratio and/or 
diluent, a product having a propane/propylene ratio 
characteristic of high pxirity olefins can be produced. 
This can be achieved without the need of 
superfractionation to remove propane. 
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10 


15 


I. nrocess for selectively catalytically 

, restarting material to high purity 
converting o^enate ^^^^'tlcting the oxygenate 
.,e.ins ----'^r-;:r^^^^^^^ Sieve catalyst 
starting material * ^.o-Me^ molar ratio, at a 

„=overl»5 th. high Parity ol..^- 

440*C to 460**C. 

3 . process according to claim 1 

W^V is from 0.01 hr.^ to 100 hr. \ P-^!^^^^ 
theWHSVis ^ ^ „ore preferably 0.8 hr. to 
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.5 hr.'' to 10 hr.*' 


1.2 hr."'. 

, X process according to any preceding claim 

wherei; the molecular sieve ca^ly^ :7;rsmcate 

crystalline -^-^"^^^^f V -^ate' (SAPO) catalyst, 
zeolite or a silicoaluminophosphate (SAPO) 

of any two or more thereof. 

, ^ process according to any preceding claim 
^.erel; the rilica-to.Me.O3 ratio of the catalyst is 
from 300 to 2500. 
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7. A process according to claim 6 wherein (a) 
the catalyst is 2SM-5 and the ratio is from 3iO to 
2500, preferably from 950 to 1050; or (b) the catalyst 
is ZSM-48 and the ratio is from 320 to 353; or (c) the 

5 catalyst is FeZSM-5 and the ratio is from 332 to 368, 
preferably about 350. 

8. A process according to any preceding claim 
wherein the oxygenate starting material is selected 

10 from the group consisting of methanol, ethainol, 

propanol, dimethyl ether, diethyl ether, and mixtures 
of any two or more thereof. 

9. A process according to any preceding claim 
15 wherein the oxygenate starting material additionally 

comprises a diluent. 

10. A process according to claim 9 wherein the 
diluent is water. 
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11. A process according to any preceding claim 
wherein the high purity olefin product comprises 
olefin and its corresponding paraffin in a paraffin to 
olefin weight ratio of not more than 0.05. 

12. A process according to any preceding claim 
wherein the high pxirity olefin comprises polymer grade 
propylene containing not more than 5 wt%, preferably 
not more than 1 wt%, of propane. 

13. A process according to any preceding claim 
wherein the high purity olefins are svibjected to 
additional purification by super fractionation. 
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14 The use of (a) ZSM-5 having a 
« tltio of froB 350 to 2500, preferably from 950 
r ^rl: havin, such ra^o of fro» 300 

.o 2500. preferably fro« .20 to ^^J^) ^ 

having such ratio of from 332 to 368; or (d) a 
silicoaWnophosphate ^^^^'^^^^'^^^^^.^.^ to 
selectively converting oxygenate ^^'^'^^"^ 
nigh purity olefins by the process as defined in clai» 
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